The damage of chilli, an important spice fruit, comes from fungal diseases caused mainly by Aspergillus niger and Colletotrichum sp. The fungi on chilli fruits would directly harm consumers' health.
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Materials and methods
Materials
Fungal isolates of Colletotrichum sp. and A. niger from chilli fruits were obtained from Department of Plant Protection, College of Agriculture, Can Tho University. Fungi were cultured in Petri dishes containing Potato Dextrose Agar (PDA) for 12 days before performing experiments. The PDA medium was prepared according to Atlas [2] .
Fresh mature leaves of Ageratum conyzoides L. were collected at a garden of Department of Plant Protection, Can Tho University. The leaves were washed thoroughly twice with tap water and then twice with sterile distilled water, and air-dried at room temperature. A weight of leaves at 2, 4 or 6 g was ground with 100 mL sterile distilled water in a set of sterile mortar and pestle. The macerate was filtered with two layers of Whatman papers.
Assessment of Ageratum efficacy on hyphal development of fungi in vitro conditions
The experiments were carried out in a completely randomized design with four treatments including the Ageratum leaf extract at three concentrations of 2, 4, and 6% (w/v), and a water control treatment, with six replicates. Separated experiments were performed with Colletotrichum sp. and A. niger. Experimental steps were conducted according to Falade [5] .
A series of Ageratum leaf extract solutions was prepared according to the treatment descriptions. Each extract solution was then poured into the PDA medium approximately at 55-60 °C for 2 min with a gentle shake. Ten millilitres of the mixture was immediately poured into Petri dishes using a Dispenser (Effendorf, Germany). After the medium hardened, a hyphal round slice of fungi was put at the center of each Petri dish [5] . The diameter of the fungal colony was recorded at 48 and 96 hours after putting fungal slices. Besides, the rate of fungal spore germination in each extract solution was assessed.
Each experiment was performed 3 times. On the basis of the results of these experiments, the most effective treatment of Ageratum leaf extract was chosen to apply to chilli fruits. four sterile needles. After that, one mL of the fungal spore suspension at a density of 10 6 spores/mL was dropped on these tiny holes. Inoculated chilli fruits were put into an inoculation chamber at 25 °C with a relative humidity of approximately 98% for 24 h. After inoculation, the inoculated chilli fruits were immersed in a solution of Ageratum leaf extract for approximately 1 min. Finally, the inoculated chilli fruits were kept in transparent plastic bags at room temperature with wet cotton inside [6, 18] . The lesion length on chilli fruits was recorded at 2, 3 and 4 days after inoculation (DAI).
Effect of
The efficacy on the reduction of lesion length was calculated using the following formula:
The experiment of each kind of fungi was repeated twice.
Data analysis
The data were analyzed using Microsoft Office Excel, 2010. The average mean of treatments was compared using Duncan's multiple range test (DMRT) and t-test at p = 0.05 on the SPSS 16.0 software (IBM, USA).
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Results and discussion
Efficacy of Ageratum leaf extract against A. niger under in vitro and in vivo conditions

Efficacy of Ageratum leaf extract against Aspergillus hyphal development in vitro
Each tested concentration of Ageratum leaf extracts shows different inhibited efficacy under in vitro conditions (Table 1 ). The individual concentrations vary during two observing time points.
The optimal efficacy is found at a concentration of 6%. After 96 hours of fungal administration, the colonial diameter at this concentration is 48.23 mm, significantly lower than that of the control (84.97 mm), and the efficacy is 43.24%. Besides, this treatment inhibits the germination of Aspergillus spore at approximately 55.77%, statistically different from that of the control 
Efficacy of Ageratum leaf extract 6% on chilli fruits after inoculation with A. niger
The Ageratum extract considerably reduces the length of rot lesions on chilli fruits. The disease incidence is 100%. At 2 DAI, the lesion length is approximately 0.81 cm, significantly lower than that of the control (1.03 cm) ( Table 2 ). However, the efficacy of treating the Ageratum extract is low at 21.36% (Table 2) . At 3 and 4 DAI, the Ageratum extract significantly inhibits rot lesions.
Chilli rotting is nearly isolated, leading to a lesion length of approximately 0.90 and 0.92 cm at 3 and 4 DAI, respectively. These values are statistically different from those of the control (1.48 and 2.01 cm) ( Table 2) . Moreover, its efficacy gradually increases from 39.18% at 3 DAI to 54.23% at 4 DAI (Table 2, Figure 1A and 1B). 
Efficacy of Ageratum extract against Colletotrichum sp. under in vitro and in vivo conditions
Efficacy of Ageratum extract against Colletotrichum hyphal development in vitro
The Ageratum extract at a concentration of 6% considerably inhibits the hyphal development of Colletotrichum sp. during the observing period. This treatment has an efficacy of 36.03 and 44.03% at 48 to 96 hours, respectively after the administration of fungi. Moreover, the germination rate of Colletotrichum spores of this treatment is 67.77%, statistically lower than that of the control (93.33%) ( Table 3) . Therefore, this concentration of Ageratum extract was chosen for the next experiments. 1/ Mean ± SE (standard error) followed by the same letter does not differ significantly according to DMRT at p ≤ 0.05; *: significant at p ≤ 0.05
Efficacy of Ageratum extract on chilli fruits after inoculation with Colletotrichum sp.
The efficacy of the Ageratum extract was evaluated in vivo on the length of anthracnose lesions and the inhibition rate was calculated. The disease incidence of chilli fruits is 100%. At 2 DAI, the lesion length of Ageratum treatment is 1.03 cm, not statistically different from that of the control (1.08 cm), and its efficacy is low at 4.63%. At 3 and 4 DAI, the Ageratum extract inhibits the development of anthracnose with a lesion length at approximately 1.40 and 1.72 cm, respectively, significantly lower than those of the control (1.58 and 1.94 cm). However, the efficacy is low at approximately 11% (Table 4 , Figure 1C and 1D) . The efficacy of the Ageratum leaf extract is reported by previous researchers [7, 16] . The inhibition zone observed when the aqueous Ageratum extract was administered is 8.33 mm at 48 hours on Aspergillus [16] . Hidangmayum and Singh [7] show that the in vitro efficacy of the 5%
and 20% Ageratum extract is 1.83% and 14.29%, respectively. However, the Ageratum extract has not been applied to the fruits. Therefore, the findings of the current study are novel. In the past studies, the Ageratum leaf extract also highly inhibits the growth of bacterium Xanthomonas campestris, Agrobacterium rhizogenes, and fungus Aspergillus fumigatus [2] , Penicillium italicum [4] , Fusarium oxysporum f. sp. lycopersici [13] . Ilondu et al. [8] 
Conclusion
The Ageratum leaf extract at a concentration of 6% effectively inhibits the rot caused by A. niger on chilli fruits. The leaf extract highly inhibits fungal development in vitro as well as isolates lesions, therefore the rot on chilli fruits surface develops slowly. In addition, this kind of leaf extract could limit the anthracnose disease caused by Coletotrichum sp., but its efficacy is low.
This research would be crucial if the effective biochemical composition of the Ageratum leaf extract is studied in the future.
